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ABSTRACT 



A liquid crystal display device having pixel selection switch- 
ing elements in a one-to-one conespondence with pixels 
includes an interlace processing drcait icsz peif onning n (n 
is an odd number of 3 or laiger) : m ^ is an aibitrary number 
equal to ex* smaller than n) interlace processing for a one- 
frame image signal, an n-fold rate converting device for 
petf onning n-fold rate conversion for the interlaced image 
signal, an image display for displaying an image by driving 
the pixel sdcction switching elements in accordance with 
the image signal subjected to the D-fcdd rate convosion, and 
a non-pic^e period processing means for disconnecting the 
n-fold rate converting device from the image display and 
perfonning desired processing for the image display during 
a non-picture period longer than a vertical blanking period. 
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DISPLAY DEVICE 
BACKGROUND OF THE INVENTION 

1. Held of the Invention 

The present inventioD relates to a liquid crystal display 
device in which a period other than an image display period 
is extended. 

2. Desoiptioa of the Related Ait 

(1) Liquid crystal display devices are thin and capable of 
being driven with low voltages. Therefore, liquid crystal 
display devices are beginning to be used as displays of 
word^ifocessors and personal oon^Hitcrs as well as display 
devices of wrist watches and pocket calculators. In addition, 
to allow users to perfonn easy operations, some infonnation 
jqiparatuses have a pen inpit function by which data is input 
fay designating a specific position on a Hquid crystal display 
with a pen. 

In the pen input function by which a designated position 
is located by ducting a physical quantity such as a change 
in the capadtanoe of a display pixel, processing such as 
detection of a position designated by a pen on a liquid crystal 
display must be executed in a short blanking period except 
for a picture period. For this reason, it is necessary to 
execute the pen input processing at a high speed, and this 
results in a large consumption power. Also^ since the pro- 
cessing time is short, it is impossible to perform the pro- 
cessing with a satisfactoiy performance in respect of posi- 
tion detection accuracy and opciability. 

(2) On the other hand, in recent years the resolution (the 
number of pixels) of liquid crystal displays has been 
increased, and this has increased flie driving frequency. 
Under these circumstances, power si^^y level shift driving 
(e.g., low-voltage driving such as the me&od disclosed in 
Lecture Manuscr^ for tiic 1993 Television Society Annual 
Meeting, pp. 37-38, 1993) have been proposed for the 
purpose of allowing a driving IC to operate at a low voltage 
to be able to process high-speed signals. In this driving 
method, the power-supi^y voltage is shifted in synchronism 
with the polarity of an image. A powerful driving drcuit is 
required to drive a large power-supply c^>acitoc In addition, 
this me&od is difiEicult to apply to driving* such as dot 
inversion, in wfaidi the power supply must be driven at a 
high speed. Therefore, an ^Hcation of the mettiod is 
presently reacted to signal line inversion driving. The 
signal line inversion driving has the charactmstic that a 
horizontal crosstalk which is generated by an increase in the 
resistance of a common electrode when die size of a screen 
is increased is not easily generated. However, a vertical 
crosstalk caused by a leak from a ITT rcadQy occurs^ As a 
result, the specifications required of the TFT characteristics 
become strict 

As a metiiod for solving these problems, a method (e.g., 
the method disclosed in Jpn. Pat Appln. KOKAI Publication 
No. 3-51887) h&s been proposed in which the power supply 
is hdd constant and a switch is provided in a driving IC to 
perform switching between signal lines for each field 
Unfortunately, even by the use of this method the consump- 
tioD power increases in realizing the dot inversion driving by 
which a high hnage quality is achieved by the combination 
of signal line inversion and line inversion, since it is 
necessary to invert ^e polarity for each line. 

Consider factors which determine the oonsunq)tion power 
of driving circuits (module circuits). In the following 
description, it is assumed that the consumption power does 
not include consumption power caused by a bias current 
which flows in a DC maimer. 



19,804 

2 

The driving circuits are basically classified into a signal 
line driver, a buffer circuit, a control signal generator, a 
common driver, and a gate line driver. Each of these dicoits 
will be described in detail below. 
^ i) Signal line driver 

A signal line driver is a driving IC for driving signal lines 
and is of either a digital or analog type. Since OA images are 
digital images, the consumption power of a digital type 
driving IC haWng a good matching property will be 
10 described. 

A digital driving IC basically consists of a shift registcr 
far determining the signal sampling time, a latch circuit for 
latching digital signals, a D/A converter for converting 
digital signals into analog signals, and an output buffer for 

1^ driving signal lines. Since factors which determine the 
consumption power arc the latch circuit and the output 
buffer, only tiiese two components will be described below. 

Assuming tiie input equivalent capacitance pertinent to an 
image signal is C^, the i^ut equivalent capacitance pertain- 

^ ittg to a san^ling dock: is C^ tiie image san^ling frequency 
is f^ and the latch circuit power-supply voltage is V^, a 
maximuTn consumption power of the latch circuit is given 
as follows: 

25 P,=<Ci+2C^)*f/2-Vi^ (1) 

Assuming tiiat the signal line capacitance is C^ the 
horizontal driving frequency is f^ the number of horizontal 
pixels is N;^ and the signal line voltage is a maxitmmi 
3Q consumption power of the ou^ut buffer is represented 
by the following equation: 

P^=^**c,vv^ (2) 

ii) Buffbr circuit 

^ A buffer circuit is a component which receives an input 
digital signal, performs noise removal and waveform shap- 
ing for the received signal, and supplies a resulting stable 
signal to the signal line driver. Although tiie buffer circuit is 
omitted in some cases, the circuit is herein taken into 

^ con8iderati<m since it is basically necessary. Assuming that 
the input equivalent c^>acitance of the circuit with respect to 
the dock f, is Cg^ the input equivalent c^dtance of the 
circuit with respect to an image signal is C^, and the 
power-supply voltage of the buffer circuit is'V^,, a maximum 
consun^tion power P^ of the buffer drout is expressed as 
follows: 

?^2C^^*fJ2*y^^ 0) 

^ iii) Control signal generator 

A control signal generator is basically provided in the 
form of a gate array, and so the internal frequency changes 
in accordance with the signal. However, the consun^on 
power relating to the image sanq^g dock f, is considered 

2^ to be of in^KHtance. Assuming the equivalent internal 
capacitance of the circuit with req>ect to the dock f, is C^^ 
the input equivalent capadtancc of the circuit witii respect to 
an image signal is C^, and the power-supply voUage of &e 
gate array is V^^, a maximinn consumption power P^^ of the 

60 entire gate array is given by the foUowing equation: 

P^2C^+C^)*V2»V^» <4) 

iv) Common driver 
65 A common driver is for driving a common capadtance C^ 
Assuming that the driving frequency of the common capad- 
tance is f^ and the power-supply vdtage of the common 
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driver is a nmumum consumption power P^. of the posidve polarity is applied to odd^oumbcrcd signal lines and 

oonimon driver is as given below. Note that is one-half of an image signal of negative polarity is app^ed to evcn- 

the hodzontal driving frequency f * in the case of common numbered signal Hnes. In the osxt Tf/3 period, as shown In 

inversion. « HG. IB, the second, fifth, (N+l)tfa, (N-Ht)th, (N47)th 

3 ... lines are driven. In the neirtltG period, the third, sixth, 

p^^*^*v^i (3) . . . , (N+2)tti, (N+5)th, (N+8)th, . . . lines are driven as in 

HG. IC In the neictTfOperiod, as illustrated in HG. ID, the 

v) Gate line driva- l^^s to be driven are the first, fourth, Nth, (N+3)th, (N+6)th, 
A gate line driva is fw driving a capacitance C, of eadi • • • as before, but the polarity is opposite to that in FIG. 

gate line. Assuming that the driving frequency of gate lines lo lA. This realizes AC driving of a liquid crystal. The driving 
is f and the powcr-supjdy voltage of the gate line driver is opwralions shown in FIGS. IE and IF are opposite-polarity 
V 'a mjiTiTTiiifn consumption power of the gate line driving operations of FIGS. IB and IC, respectively, so 
driver is as given below. Note diat the driving frequency f^ descriptions thereof wiH be omitted, 
of gate lines is normally equal to the horizontal driving Flicker con^nents in the above drivings will be analyzed 
frequwicy f^. 15 

Possible causes of flicker are ON current deficiency, a 
p^,*fjfc*v,^ (6) punch-through voltage of a TFT, and an OFF current of a 

TFT, The ON current deficiency or tfic TFT punch-dirough 

vi) Consumption power P^, of entire circait voltage can be compensated for by an array structure or by 
From the faregoing, a consuiiq)tL(Hi power P^ of the punch-through correction driving. The OFF current of a 

entire circuit is given by TFT, however, is considered to have a larger effect than 

usual on the flicker characteristic unless ttie OFF character- 
= Pi+/'*+i'*+i'pi+^€+^f istics of a TFT including a light leak are perfect, since in 

- (C + 2^*) * Ki* + Jy* * C, • & * principle the MF driving prolongs the holding time of a TFT 

~ ^ * ^ ' ^ toht longer than that in normal driving. 

v,V2 + (2Cte + Qp)V/2*va»+ The cause of the TFT OFF current, therefore, will be 

(2CW+C )Vy2*^ +Cc*X''Vc>+ primarily analyzed below. 

" f ' " Tobeginwith, the potential variation waveform of a pixel 

c« *Jh * vg^ is approximated as in FIG. 2A. That is, it is assumed that a 

3Q variation of takes place in driving with the positive 

Assuming that the common electrode is at a constant polarity because holding is good, whereas a potential diange 

voltage and N^^C, »C- of ^ff (>Vp) occurs within one field in driving with the 

negative polarity because of poor holding. At this time a 

Fan = (Ci + 2Cii+2ac + a,+ 2C^+C«,)* O) potential i (t) is as follows: 

That is, the ccHisumption power is a function of the capad- 2vp, 

tance C the driving frequency f (the horizontal frequency ~ ^"^ 

andthedockfrequency of an image), and the power-supply 40 

voltage V of the digital system. obtain an actual transmittance change, it is necessary 

The capadtancc C is determined by the device structure, ^ nmltiply the response characteristic of a liquid crystal by 

and the voltage V is deteamined by the process and the the above variation on the frequency axis. Howeva, since 

structures of an IC and a liquid crystal panel, e.g., the V-T the response characteristic is a con^Hcated characteristic 

characteristic of a liquid crystaL However, the frequency f is 45 which depends upon the potential levd, the potential varia- 

dctcnmned by ttic system and the image quality, e.g., the tion of a pixel will be exdusivdy aiffllyzed as a hmiinance 

horizontal frequency of an image and the flicker character- change. 

istic. Therefore, the-frcquency i can be decreased by select- a Fourier expansion of this potential variation yields the 

ing a power driving method. When the driving frequency is following equation: 

decreased, however, the pixel potential normally decreases 50 

since ttic holding time increases for the same off-leakage i 2 ^ 

current of a TFT. For diis reason, the flicker component '^^^ *^**'T ^il^ 0-(-lr)x 

increases, and die frequency of the flicker conq>onent ^ 

decreases. Consequcnfly, the flicker becomes conspicuous, (vff-v,)rinAr-t-jp- (i +(-i)^x 

leading to a large deterioration in the image quality. 55 (vM+vpyooskt 

As a method for preventing this, Japanese Patent Appli- ^ ^ ^ ^ » . tt v 

cation No. 2-69706, for exan^le, has disclosed a multifldd ^h^ ^ fundaimaital wave con^xment (30 Hz) 

driving method (to be referred to as an MF driving method ^^^idi is important as a flicte is taken mto account, the 

hereinafter) in whidi the driving frequency is lowered by foUowmg equation is obtained for li^l: 

dividing one fidd image into an odd number cf subfields. 60 

FIGS. lA to IF are schematic views showing this MF Fx^—^(vit~vr) ^ ^ 
driving method 

First, a method of driving when the mth frame is to be This means that each pixd has a spectrum F30, FIG. 2B, 

displayed will be described. As illustrated in FIG. lA. in the as a flicker con^nent As a method of removing this flicker 

first T^ period the first, fourth, Ndi, (N+3)tiu (N-+6)th. 65 component Ac following two methods are possible. 

. . . gate lines are driven. At the same time, signal line Method 1) Increase the frequency of the luminance 
inversion driving is perfoimed such that an image signal of change i (t) itsdf. 
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Method 2) Coiiq>eiisate for Ifae flicker componmt by Oa the basis of the analytical results of the MF dnviDg, 
using adjacent pixels. the present inventors conducted an expedment on the flicker 

Normally, method 1 is not used so often since the speed reducing effect by using actual panels. Since the experiment 
of an image signal is raised. In the line inversioa (common was done as a basic experiment, N=l, ie., the number of 
inversion) or the signal line inversion, con^nsation is j subfields was set to 3. In this coDdition, a gray level with a 
accomplished using two pixels in accordance with method 2. transmittanoe of 50% was displayed under Ae conditions of 
Iherefore, ttie latter metiiod 2 will be described in detail l) Normal driving (60 Hz) 

2) Driving frequency was simply decreased (20 Hz) 
In either method an opposite-polarity signal is ^lied to 3) MF driving (N=l), 
adjacent pixels. Therefore, an average luminance ij;t) of the ^nj g change in the traismittance with lime was detected 
two pixels is represented by the foUowing equation: a photodetcctcff. The change with time thus detected 

was conv^d into a frequency conq>onent by an FFT 
*^f)=<*)+if f— i-) analyzer. Thereafter, the amounts of 20, 40, and 60 Hz 

V ^ ) con^nents, as fiindanaental waves, wwe analyzed and 

()(^=n^ 15 evaluated. 

In each of the nonnal driving, Ihe 20 Hz driving, and the 
By performing a Fourier transfamation, j^p driving (Ifel), the relative level of the flicker con^x)- 

U<DH(a>xi-apO<an/a)«)} <U) nent with respect to the average luminance was measured 

Consequenfly, I^fiv^K; that is, the flicker component is '^^ "^TTmx '^'"^^ '^'^ '^^marizcd in TMe 1. Tible 
completely removed. ^ reveals tne louowing, 

]ta the above compensation, the compensating pixels arc ^hcn the davmg ^quen^ was decreased to 20 Hz, 

two pixeb: In the MF driving in which the compensating ^ 20. 40, 60J0 Hz, ... were produced as 

pixels arc N pixels, the average luminance i,(t) and the ^'^^^^J?^^^ ^ . . 

F6uria transform^©) of these N neighboring pixels are as 2) T^^O-Hz cogent disappeared by the MF dnvmg 
follows- ^ ^ expected; this frequency oon^nent was tnpled, i.e., 

converted into a 60-Hz component 
^-1 /' 2n \ (13) 60-Hz component in the MF driving was on the 

i5o * ( ^ J isanc level as in the normal driving. That is, deterioration in 

the image quality cansed fay a flicker in the MF driving was 
^1 „ ^ / . n ^ , ^ (1^) 30 almost equal to that in the normal driving. 



^-1 / n \ 



TABLE 1 



Compensation for the flicker oonqxment using three pixels 

will be described below. In FIGS. 3A and 3B, the transmit- Froqaency oampoaent of flicker in each 

tance changes i(t) of three pixels, calculated from Equation driring metfaod 

(8), are indicated by the soHd line, the alternate long and 



35 

shK»t dashed line, and the dotted line, and the transmittance Drivn^ ^'^'^'"^kig^r^ 
change as a whole is represented by ijt). FIG. 4 shows the 

frequency ^>ectra of flicker ccHi^nents. As is apparent from medwd 20Hz 40Hz 60Hz sOHz 

FIG. 4, if the transmittanoe changes Ut) of the pixels to be „ 
conq>ensated for each Other are equal, the flicker con^KMient signBi^ 5i 39 

which is originally 2Tf (Tf: fleld period^sViso sec) can be mvenkn 

reduced to 2rK3, ie., V^w sec which is a period, by the 20H2driTiag 26 34 41 45 <- cOTcspon- 
dxree-pixd compensation. Consequently, the flicker compo- ffiJto'&c 
nent no longer stands oat as a flicker That is, as is evident 



from Equation (13), the phases of die frequency spectra of 

these pixels are shifted 120^ from one another Therefore, ^. ^ . ^ ^. . ^ . . 

the pixel o^nents add up in a vector manner to cancel As discussed above, the MF dnving method is very 
each o&cr out By using this princmle, caimensation using effective for a frame flicto; However, as shown in Table 1, 
the third, fifth, seventh, . . . , (2N+l)th, . \ . pixels, Le., in this driving method the holding time is largely increased 
odd-numbered pixels is equally possible. Since the driving ^ ^ increase the flidcnr component of each pixel (normally 
frequency can be decreased as flie number of pixels to be ^ ^'*^)- Consequenfly, haizontal stripes arc produced in 
conmensated is increased, the consuimrtion power, can be ^ ^^^^ 1^*^ detcriomtion in &e image quaUty of 
reduced. stfll images. 

GcneraUy. using Equation (7) which determines the con- ^ addition, it turns out by an e^)eriment that in Mgh- 
sunmtion power, fee consunmtion power P„ in the MF definition still images having no orarelation between the 
driving is given by the following equatiwi: ixa^ffis, individual flicker components are no longer com- 

pensated for, and, of these flicker conqtonents, new carriers 
PuF = (Ci ■t-2C4+2Cje + Ci|p+2C^ + C^)x (15) are genffated on the spcdal frequency axis by the diffciencc 

between the positive and negative polarities, resulting in an 
{/"^icaw+l)}* v»+ go aliasing distortion. Since this aliasing distortion is not at rest 

ffk^ c, * {V2(2jv= 1)} * moves, it stands out considerably. The result is a large 
F^(2N+n deterioration in die image quality. 

As has been discussed above, conventional liquid crystal 
As can be seen from the above equation, the consun^idon display devices have problems such as a large consumption 
power which depends upon the driving frequency of a 63 power and deterioration in the image quality caused by a 
module circuit can be decreased to 1/(2N+I). This makes it horizontal crosstalk or a vertical crosstalk In addition, in the 
possible to largely decrease die consun^on power. MF driving capable of reducing the consun^on power, a 
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long hdcting tizne increases a line flicker to cause line horizontal scan direction^ a plurality of signal lines along a 
interference in still images. Also, in images containing a vertical direction, ptxds at intersections bciwcen the address 
large amount of higli-frequency components, this high- lines and the signal lines» and pixel selection switching 
frequency con^nents change into an aliasing distortion by elements provided in a one-to-one correspondence with 
carriers produced by the difference in holding characteristic 5 pixels, comprising scan control means for performing con- 
between the positive and negative polarities, resulting in a trol such that at least one address line does not drive the pixel 
large deterioration of tiie image quality. Fmlhennofe, a selection switching elements while the address lines are 
blaikking period (retrace period) during which no images are driven from the first to the last pixel rows, and non-picture 
displayed is commonly used as the period for correcting this period processing means fcx" reading out die signal lines in 
deterioration. Unfortunately, since this period is as short as lo a period during whidi the switching elements are not driven, 
about 10% of the picture period, the effect of ooirection is Preferably, the means for performing processing in a 
unsatisfactoory. period except for a picture period can also be so designed as 

'ITTVfM ARV OF THF TTWraSfTTON ^ ^ ^ * physical 

SUMMARY OF THE INVENTION quantity produced when an opoator designates aposition on 

As described above, to perform desired processing mak- a liquid crystal panel with an input pen. 

ing use of display pixels or driving circuits, such as pen input In the liquid crystal display device according to the first 

cr correction for improving the image quality, it is necessary diq)lay device of the present invention, the interlace pro- 

to use a blanking period (retrace period) during which no cessing means performs a (q is an odd Eumbcr of 3 or 

images are displayed or to shorten the pixel display period. larger): m (m is an arbitrary number equal to or smaller than 
Also, tiicre arc other problems such as an increase in the ^ jj) interlace processing for a one-frame image signaL 

driving frequency, an increase in the consun^on power. Thereafter, the n-fold rate converting means performs n-fold 

and an inability to perform processing with satisfactory rate conversion for the interlaced image signal, 

contents. Consequently, the period required to display the image 

The present invention has been made in consideration of signal Is shortened. Therefore, a period other than the picture 
the above problems and has as its object to provide a di^lay ^ period, which is after an image signal of one frame is 

device 'capable of extending a period other than the actual di^layed and before an image signal of tiie next frame is 

picture period to be longer than the retrace period and displayed, is extended to be very long compared to that in 

performing desired processing in this period. conventional systems. 

The first display device of the present invention is a The means for performing processing in a period except 

di^lay device having pixel selection switching elements in for the picture period uses this extended, free-to-use period 

a one-to-one oorrespondeiKse with pixels, conqirising Inter- other than the picture period. That is, during this period the 

lace processing means for performing n (^ is an odd number means can disconnect the n-fold rate converting means from 

of 3 or larger): (2& Is ^ arbitrary number equal to or the linage display nieans arid periorm desired processing fra: 

smaller than fi) Interlace processing for a one-frame image the image display means. 

signal, n-fold rate converting means for pcrfosming n-fold In the liquid crystal display device according to the 

rate conversion for the intcriaced image signal image dis- second display device of the present invention, the interiace 

play means for displaying an image by driving the pixel processing means performs ^ is an odd number of 3 or 

selection switching elements in accisdance with the image larger): iq da is an arixitrary number equal to or smaller than 
signal subjected to the n-fold rate conversion, and non- ^ a) interiace processing for a one-frame image signal, 

picture period processing means for disconnecting then-fold Consequentiy, the period required to display the image 

rate converting means from the image display means and signal is shortened. Therefofe, a period c^hcr than the picture 

performing desired processing for the image display means period, which is after an image signal of one frame is 

during a period after the one-fi^mc image signal is displayed displayed and before an image signal of the next frame is 

and before the next image signal is displayed. displayed, is extended to be very long oon^>ared to that in 

The second display device of the present invention is a conventional systems, 

display device having pixel selection switching elements in The means for performing processing in a period excq>t 

a one-to-one correspondence with pixeK con^irising inter- for the picture period uses this extended, free-to-use period 

lace processing means for performing & (a is an odd number other tiian the picture period. That is, during this period the 

of 3 or larger): m (si is an arbitrary number equal to or means can disconnect the n-fold rate converting means fix>m 

smaller than n) interlace processing for a one-frame image the image disj^y means and perfonn desired processing for 

signal, image display means for displaying an image by the Image di^lay means. 

driving the pixel sdection switching elements in accordance jn the liquid crystal display device according to the tiiird 

witfi the intcriaced image signal, and non-picture period display device of the present invention, while the address 
processing means for disconnecting the interiace processing 53 lines are driven from the first to the last pixel rows, the scan 

means from the image display means and performing control means performs control such that at least one address 

desired processing for the image di^lay means during a line docs not drive tiic pixel selection switching elements, 

period after an image signal corresponding to one pixel is During this period, the means for performing processing in 

displayed and before an image signal corresponding to the a period except for the picture period reads out a predeter- 
next pixel is displayed. ^ mined signal from the signal lines. This makes it possible to 

As the desired processing, it is preferable to perform perform desired processing (e.g., detection of a change in a 

processing for applying a correction signal to each pixel to physical quantity, such as a o^adtance, v^ch is produced 

inq>rove image quality, or pen input processing for detecting when an operator designates a position on a liquid crystal 

a position on a liquid crystal panel designated by an operator panel with an input pen) by using the extended period other 
with an iiy>ut pen. 65 than tiie picture period. 

The third display device of the present invention Is a The processing performed in a period except for the 

display device having a plurality of address lines along a picture period is not limited to correction of image deterio- 
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ration or the pen input detecdon indicated in the third display 
device. That is, it is also posable by using this period to 
reduce the consi]nq)tion power by turning off die power 
supply far suj^ying power to the circuits while the pixd 
selection switching elements arc kept OFF. 

The first, second, and third (fisplay devices of the present 
invention can be applied not only to TFT and TFD liquid 
crystal display devices as discussed above but also to 
general display devices having a memory property. 
Exanqdes are a fetcoelectiic liquid crystal and an antifeuo- 
electric liquid crystal having a memory property in the liquid 
crystal itself, a plasma display (TOP) which operates widi a 
memory pr o p ert y, and a vacuum micro display device incor- 
porating a memory element 

Additional objects and advantages of the invention will be 
set forth in the description which follows, and in part will be 
obvious from the descx^tion^ or may be learned by practice 
of the invention. The objects and advantages of the invention 
may be realized and obtained by means of the instrumen- 
talities and combinations particulady pointed oat in the 
appended claims. 

BRIEF DESCRffTION OF THE DRAWINGS 

The accon^ianylng drawings, whidi are incorporated in 
and constitute a part of the specification illustrate presently 
piefaied cmbocHments cf the invention^ and together with 
die gcDoal description given above and the detailed descrip- 
tion o£ the preferred embodiments given below, serve to 
explain the principles of the inventioxL 

figs: 1A to if are views of pixels of a display device for 
explaining the outline of a conventional driving method; 

FIGS. 2A and 2B are graphs showing the approximations 
of flicker waveforms in the conventional driving method; 

FIGS. 3A and 3B are graphs for «q)laining a flicker 
compensating effect in the conventional driving method; 

FIG. 4 is a gr^h showing the spectra of flicker con^M>: 
nents in the conventional driving method; 

FIG. 5 is a block diagram showing the arrangement of the 
major continents of the first embodiment of the present 
invention; 

FIG. 6 is a view showing the driving signal voltages and 
the timing charts of the first embodiment of the present 
invention; 

FIG. 7 is a block diagram showing the arrangement of the 
major cotn^nents of the second embodiment <^ the present 
invention; 

FIG. 8 is a view showing the driving signal voltages and 
the timing charts of the second embodiment of the present 
invention; 

FIGS. 9A and 9B are views showing tiie third embodi- 
ment of the present invention; 

FIG. 10 is a block diagram sdicmaticaUy showing the 
arrangement of tfie fourth embodiment of the present inven- 
tion; 

FIG. U is a circuit diagram showing details of die main 
conqxxients cf the fourth embodiment of die present inven- 
tion; 

FIG. 12 is a graph for explaining the principle of position 
detection in the fifth embodiment of the present invention; 

FIG. 13 is a blodc diagram showing the arrangement of 
the filth embodiment of the present invention; 

FEG. 14 is a view showing the driving signal voltages and 
the timing charts of the fifth onbodiment of die present 
invention; 
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FIG. 15 is a block diagram showing the arrangement of a 
iuodification of die fifth embodiment of the present inven- 
tion; 

FIG. 16A is a circuit diagram showing the circuit con- 

^ figuration of die sixth embodiment of the present invention; 

FIG. 1^ is a view showing the driving signals of the 

sixth embodiment of the present invention; 

FIG. 17 is a perspective view showing the structure of a 

DC type PDF of the seventh embodiment of the present 
10 . IT 
invenhon; 

FIG. 18 is a block diagram showing the circuit configu- 
ration of the sevendi embodiment of the present invention; 

FIG. 19 is a view showing the driving signal voltages and 
^ j the timing <harts of the seventh embodiment of the present 
invention; 

FIG. 29 is a block diagram showing the arrangement, of 
the ei^th embodiment of the present invention; 

FIG. 21 is a basic circuit diagram of DC/DC converter; 
20 FIG. 22 is a circuit diagram for DCTDC low power 
method, example I; 

FIG. 23 is diagrams showing switching modes of control 
SW2; 

FIG. 24 is a circuit diagram for DC/DC low power 
method, example II; and 

FIG. 25 15 a circuit dia^am for DC/DC converter switch- 
ing method. 

DETAILED DESCRIPnON OF THE 
30 PREFERRED EMBODIMENTS 

Embodhnents of the present invention will be described in 
detail l>elow. 

(1st Embodiment) 

33 

A liquid crystal display device according to the first 
embodiment <^ die present invention will be described 
below. FIG. 5 shows the arrangement of the major con^x>- 
nents of the liquid crystal display device of this embodiment 

^ This liquid crystal display device includes an n:l interiace 
processor 2^ an n-fold rate converter 4» a switching circuit 6, 
a processor 8, a signal line driver 10, a gate Hue driver 12, 
and a liquid crystal display panel 14. The value of a is an 
arbitrary integer <^ 2 or laiger. Ihe arrangement of this 
embodim^ wiU be described assuming n=3. 

In addition^ the liquid oystal dis|day device of this 
embodiment makes use of a multifield driving method by 
which the driving frequency is decreased fay dividing one 
field image into an odd number of subfields. Since this 

5Q multifield driving method is well known to those skilled in 
the art, a detailed descrqition thereof will be omitted. 

Furthermore, the processing performed by the processor 8 
can have any contents. In this embodiment, however, cor- 
rection processing for inqiroving deterioration in displayed 

55 images w^h is a problem in conventional techniques will 
be explained as an example. 

In the above arrangement, a wcU-known circuit using die 
multifield driving method applies an image signal input S# 
of one frame to the 3:1 interlace processor 2. Note that in 

60 FEG. 6, reference symbol PI represents a signal portion 
correspondhig to any of the first, fourth, . . . , (3 n^2)1h, . 
. . gate lines; F2, a signal portion corresponding to any of the 
second, fifth, . . . , (3 m-l)tfa, . . . , gate lines; andP3, a signal 
portion cozresponding to any of the third, sixth, . . . , 3 m^ 

65 • • • gate lines. 

The 3:1 interlace processor 2 performs 3:1 interiace 
processing for each input image signal SO cozresponding to 
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(me field, obtaining a signal SI whose driving frequency Is correction voltage in a signal line fay driving the signal line 

decreased to Vs. In tills case, as in FIG. 6, a signal portion driver in a certain period larger than one horizontal fre- 

oorresponding to PI is extracted from the input image signal quency. This makes it possible to stop ttie operation (dock) 

SO corresponding to the first field; a signal concsponding to of the signal processing system almost conqxlctely during 

P2 is extracted from the input image signal SO carespond- 5 ^ correction. Consequcntiy, ttic average consumption 

ing to the next field; and a signal portion corresponding to PO^cr becomes equivalent to that in the 3:1 interlace, Le., a 
P3 is extracted from the input image signal SO correspond- consumption power is achieved. ^ , , ^ 

ing to the second next fidd. Hiis processing is repeatedly aoss^ is reduced as fte period during 

executed which the voltage which causes crosstalk is applied on a 

^r.jin signal Une is shortened. That is, in tiic driving rnefiiod of this 

Subsequently the 3-fo drBte oonv lO ^^^^^iment the period in which an image signal is appUed 

rate conversion for the signal SI to yield a signal S2. The ^ ^ conventional methods, and so the 

3-fold rate converter 4 can be constituted by using, e.g., a amount of crosstalk is also nearly Vs. When crosstalk is 

field memory. In this case a memory capacity which is V3 of reduced in this way, the pixd capadiancc can also be 

die frame capacity is possible. decreased. In ccsrespondence with this, a decrease in the 

The resulting signal S2 is written in corresponding pixels aperture efiQctency caused by the holding capacitance can be 

Ae liquid crystal panel 14 at a normal line frequency in irrqiroved, resulting in an iitqrovement in the aperture 

a line sequential manner by using the switching circuit 6 efficiency. 

which is controlled by a switching signal C and the signal In this embodiment, an input image signal is interlaced at 

line driver 10 and the gate line driver 12, each constitnted by a ratio of 3: 1. It is also possible to use a regular noninterlace 

using a known technique. ^ signal^ an N:l interiace signal or an N:M (M<N) interiace 

Consequently, a nonused period F, FIG. 6, during which sig^ without departing from the gist of the present invcn- 
no images are displayed, is produced after an image signal 

of one field is written in pixels and before an image signal (2nd Embodiment) 

of the next field is written. ^ ^ liquid crystal display device according to the second 

As described above, in this enlbocHment a period other embodiment of the present invention wiU be described 

dian die picture period can be extended to be extremely below. As illustrated in FIG. 7, the Hqutd crystal display 

longer than the retrace period. This makes it possible to device of this embodiment has the same arrangement as flie 

perform desired processing by using this period. liquid crystal disfday device of the first embodiment illus- 

Conecdon processing performed using the period F will 30 toted in FIG. 5 except tiiat the n-fold rate converter 4, FIG. 

be described below. Assume that the processor 8 is a 5, is absent and therefore an ou^ut from an n:l interiace 

correcdon signal generator having a function of genaating processor 2 is ^Ued to a switching drcuil 6 without 

a correction signaL passing through n-fold rate conversion. That is, the liquid 

m this correction processing, a negative signal S3 is crystal display device of this ejnbodmicnt mchidcs the n:l 

fflxpHcd to a pixel in order to make the holding diaractcristic 35 "itcriacc processor 2, the switching arcmt 6, a iff ocessor 8, 

of thepositivepolarityequaltothataf dienegativepobrity. ^ signal Unc driver 10, a ^ line driver 12, and a Uqmd 
niatis,aposidvepixelhasagoodholdingcharacteristicso dx!|lay panel 14. TTie value of n is an arbitrary 

itmakes no difference if die signal line voltage has negative "^^ger of 2 or larger. The arrangement of this embodiment 

polarity. However, since a negative pixel has a poor holding will be descnbed assuming i>=3. 

characteristic, it is desirable in respect of holding charac- 40 ^ addition, the liquid crystal display device of this 

teristic that a voltage of the same polarity be ^Ued. Hie embodiment makes use of a multifield driving method by 

holding characteristics of the positive and negative polarities whidi the driving firequency is decreased by dividing one 

arc made equal partly because the difercnce usually causes ^^^^ inwge Into an odd numbea: of suhfidds. Since this 

a flicker. In addition, in performing low-consumption-powcr nmltifleU driving mcttiod is well known to those skilled in 
driving (MF driving) as discussed earlier in **I>escription o£ as art, a detailed dcscrqjtion thereof will be omitted, 
the Related Art**, if an image containing a large quantity of Fnrthermore, the processing pof ormed by the processor 8 

high-frequency con^nents is displayed, carriers which can have any contents. 

give rise to an aliasing distortion are produced. A major In the above arrangement, a well-known circuit using the 

cause of die production of the carriers is the difference multifield driving method applies an image signal input SO 

between the holding characteristics of the polarities. That is, so of one frame to the 3:1 interlace processor 2. Note that in 

to suppress the aliasing distention, diminating the polarity FIG. 8, reference symbol PI re^sents a signal portion 

dq)endencc of the holding characteristic, rather than corresponding to any of the first, fourdi, ...» (3 m-2)th, . 

inqxroving the holding characteristic itself, is most effective. . . gate lines ; F2, a signal portion corresponding to any of the 

Fo£ this reason, a constant voltage of negative polarity such second, flfUi, . . . , (3 m-l)th, . . . gate lines; and P3, a signal 
as the signal S3, FIG. 6, is generated by using the processor 55 portion correspcMiding to any of the diird, sixth* . . . , 3 mdi, 

8, and a signal S4 is obtained by controlling the switching . . . gate lines. 

circuit 6 which receives the signals S2 and S3. The 3:1 interlace processc»^ 2 perforins 3:1 interlace 

This negative level is preferably determined such that the processing for each input image signal SO coire^nding to 

amount of aosstalk is small with respect to an image signal one field, obtaining a signal SI whose driving frequency is 
of 10% level with which crosstalk readily occurs or to a 60 decreased to Vi. In tliis case, as in FIG. 7, a signal portion 

509&-level signal with which the transmittancc changes corresponding to PI is extracted from the input image signal 

sharply. Also, if the coiTection voltage has a fixed value as SO corresponding to the first field; a signal corresponding to 

in this embodiment, an increase in the consumption power P2 is extracted from the input image signal SO correspond- 

for writing image signals at a high speed can be reduced by ing to the next field; and a signal portion corresponding to 
using the correction portion. That is, it is only necessary to 65 P3 is extracted fixmi the input image signal SO corrcspond- 

hold the correction voltage witih the capacitance of a signal ing to die second next field. This processing is repeatedly 
line by writing the voltage in the signal line or to write the executed. 
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The signal SI is wxitten in cotresponding pixels of the 
liquid crystal panel 14 at a normal line frequency in a line 
seqaential manner by using the switching drcuit 6 which is 
controlled by a switching signal C and the signal line driver 
10 and the gate line driver 12, each constituted by using a 
Imown technique. 

Consequently a nonused period F during which no 
images arc displayed is produced after an image signal of 
one held is written in pixels and before an inoage signal cf 
the next lidd is written. Desired processing can be per- 
formed by using this period. 

For example, in performing correction processing similar 
to that in the first embodiment by using this nonused period 
F, a signal S4, FIG. 7, is applied to the signal line driver 10. 

In this enobodiinent, an input image sigiml is interlaced at 
a ratio 3: 1. K is also possible to use a regular noninterlaoe 
signal, an N:l interlace signal, or an N:M (M<N) interlace 
signal without departing from the gist of the present inven- 
tion. 

(3rd Embodiment) 

A liquid crystal display device according to the third 
embodiment of the present invention will be described 
below. 

FIGS. 9A and 9B show the third embodimoit In this 
embodiment, as the voltage of a correctian signal S3 used 
when the correction processing is performed as desired 
processing in the llist and second embodiments discussed 
above, a voltage equivalent to a common voltage 
^lied to a common electrode 24 is ^lied on signal lines 
22 and 23. 

Consequently, disdination caused by a transverse electric 
field between a pixel 20 and the signal lines 22 and 23 is 
reduced This makes it possible to decrease a portion in 
which the disdination is ciurently covered with a black 
matrix, resiilting in an improvement in the iq^erture effi- 
ciency. 

hi the above first to third embodiments, ^en tiie oorrec- 
tion processing is performed by using, as the processor 8, a 
correction signal generator having a function of generating 
a cocrection signal, an increase in flidocr can be decreased in 
situations where the holding time of a pixel switch such as 
a TFT or a TFD is prolonged, hi addition, by providing a 
period in which the holding characteristics of ^e positive 
and negative polarides are corrected to be equal to each 
other and by making this cocrection p^od equal to or longer 
than the image input period, carriers generated by the pixd 
signal difference between the positive and negative polari- 
ties can be prevented. Consequently, it is possible to reduce 
an aliasing distortion. Also, a change in the amount of 
crosstaUr resulting from the difference between images can 
be largdy reduced by shortening the image input period or 
by providing a correction period equal to or longer than ttie 
image input period. This makes it possible to realize a liquid 
crystal display device with a hi£^ image quality. 

Note that in tile first to third embodiments discussed 
above, the voltage of the oacrection signal S3 is held at a 
fixed levd in performing the correction processing as 
desi^ processing. However, it is also possible to diange 
the correction voltage in accordance with an image or to 
change the correction voltage to have an input signal dq^en- 
dence. In addition, in conventional methods the correction 
period (e.g., the vertical blanking period) is very short 
compared to a period during which image signals are driven. 
However, it is desirable to set the correction period to be 
equal to or longer than the image driving time in order to 
enhance the correcting effect. 
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(4th Embodiment) 

A liquid crystal display device according to the fourth 
embodiment of the present inv^tion will be described 
bdow. 

^ In the liquid oystal diqilay device of this embodiment, 
pen input processing is pcrfotmed as the desired processing 
performed in the nonused period F or F, explained in tiie 
first or second embodiment, during which no image display 
is done. 

FIQ. 10 shows the arrangement of the major con^nents 
of die liquid crystal display device of this embodiment 
When the period F of the first embodiinent is to be used, this 
liquid crystal display device is constituted by an n:l inter- 
lace processor 2, an n-fold rate converter 4, a signal line 
driver 30, a gate line driver 32, a liquid crystal display pand 
34, a first capacitance change detecting circuit (to be referred 
to as a first detecting circuit herdnafler) 36, and a second 
capadtanoe diange detecting drcuit (to be referred to as a 

^ second detecting drcuit) 38. On the other hand, when the 
period F of the second embodiment is to be used, the liquid 
crystal display device is constituted by tiie n:l interlBoe 
processor 2, the signal line driver 30, the gate line driver 32, 
the liquid crystal display pand 34, the first detecting circuit 

^ 36, and the second detecting circuit 38. 

UnlikE in the first and second embodiments, the switching 
circuit 6 is not used in die configuration shown in FED. 10. 
This is so because a means corresponding to the function of 
the switching circuit is provided in the signal line driver 30. 

30 In addition, this onbodimi^t uses a method which detects 
a position designated by a pen on the liquid crystal display 
panel 34 as a change in a physical quantity pertaining to the 
liquid crystal display pand 34. Therefcre, the detecting 
circuits 36 and 38 are used in place of the processor 8 of the 

33 first and second embodiments. Note that it is also possible to 
apply a signal to the liquid crystal pand 34 during the period 
Fac Fby using the processor 8 and tiie switching drcuit 6 
and detect this signal with a pen. 
FIQ. 11 shows details of the arrangement of the signal line 

40 driver 30, the gate line driver 32, the liquid crystal display 
panel 34, the first detecting circuit 36, and the second 
detecting circuit 38. The signal line driver 30 consists of a 
shift register 38, sanqding-and-switching dements 42, buff- 
ers 40, capadtors 41, and switches 39. The gate tine driver 

45 32 consists of buffers 43 and switches 44. Each of die first 
and second detecting circuits 36 and 38 having the same 
arrangement is constituted by diffo-ential an^)lifiers 50, 
capacitors 51, switching dements 52, and a shift register 53. 
In the above arrangement, as has been discussed earlier in 

so the first or second embodiment, a nonused period F or F in 
whidi no image display is pofonned is provided by the n: 1 
interlace processor 2, the n-fdd rate converter 4, and the 
switdung circuit 6, or by the n:l interlace processes 2 and 
the switching circuit 6. This operation is evident from die 

55 eiqplanation in the first and second embodiments, and so a 
detailed description tiiereof will be omitted. 

Subsequentiy, pen ii^t processing is performed by using 
this period F or F. This pen input processing will be 
described bdow. The princqile of die pen input is as follows. 

60 That is, since the capacitance of a liquid crystal changes in 
accordance with die cdl gap, tiie cq>adtaiioe (47, 49) 
dianges only in a portion (a region A indicated by die dotted 
Une in FIG. 11) pushed by a pen. Therefore, the position of 
the pen is detected by detecting this capadtance change. 

65 More specifically, assuming the dielectric constant, the 
capacitance, the cell gap, and die area of a liquid crystal arc 
respcctivdy e, C, d, and S, 
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0=cS/d 

Refeiring to FIG. 11, signal lines 20 and gate Hnes 21 are 
arranged to be perpendicular to each other in tiic liquid 
crystal display. Therefore, the detecting circuits 36 and 38 
for detecting a voltage change caused by a capadtaace 
change are provided for each signal line and each gate line 
to locate the position A of pen input from the intersection of 
the signal and gate lines. Note that the cq)acitaDce changes 
not at the point A alone which is dq>ressed but within a 
certain wide region centering around die point A. Therefore, 
a method which detects a maximum value is prefeired. 

In a period in which images are displayed, the S/H 
switches 42 of the signal line driver 30 arc repeatedly turned 
on and off by an output from the shift register 38 which is 
driven by a pulse STB. Consequently, a p<^tLal com- 
ending to the designated san$>le position of an image 
signal Voif^ is held in each cq>adtor 41. The outputs from 
these capacitors are written, either simultaneously or 
sequentially, by the switches 39, in the couesponding pixels 
on the gate lines 21 sheeted by the switches 44 of the gate 
line driver 32. This output write opoation is pofonncd for 
all of the pixels. 

The detecting circuit 38 then operates during either the 
period F after the write opeaiation in all the pixels is 
convicted or the period F aft^ fte write operation in one 
pixel is caii9>leted. The charge written in the stray capaci- 
tance 47 of eadi signal line 20 is transferFed to die detection 
capacitor 51 and converted into a voltage. The switches 52 
are repeatedly turned on and off by an output horn the shift 
register 53 which is driven by a pulse DS11I. Consequently, 
these voltages corresponding to the individual signal lines 
20 arc sequentially detected and ou^ut as a serial output 
signal V^. 

Meanwhile, the detecting circuit 36 for the gate lines 21 
opmt&s during the period F or F. The charge written in die 
stray c^adtance 49 of each gate line 21 is transfcned to the 
detection c^adtor and converted into a vcltage. Thereafter, 
like in the case of the signal lines, these voltages cosTro- 
sponding to the individual gate lines 21 are sequentially 
detected and output as a serial output signal V^. 

An actual method of detection will be described below. 
Assuming that the capadtanoe change at the depressed point 
is AC, the capacitance (e.g., the capacitance 47) of the signal 
line or die gate line which is depressed is Csel, and the 
capadtance (e.g., a capacitance 54) of the signal line or the 
gate line which is not depressed is Cnsel, 

CBth=CDaaUAC 

Therefore, assuming the voltage before the depression is 
Vnsel, a voltage Vsel upon the depression is given by die 
equation bdow following the prindple of conservation of 
diargc. 

Vscl=Vmcl.CD3cl/(Ciiseh-AC) 

Hiat is, the voltage changes. The point of depression can be 
located by detecting this voltage change. Of die v<^ges diat 
have changed, a portion (N in FIG. 12) conesponding to die 
maximimi voltage diange is the position of the pen in die 
vertical direction. The position of the pen is detected as a 
point by similarly pcrfonmng the detection in the gate line 
direction. 

In this embodiment die detecting circuits and the drivers 
are separately provided. However, a single IC can have die 
functions of these circuits. 

When the present invention is zppUod to the pen input 
function as discussed above, the pen input processing can be 
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perfcnned at low speeds over long periods of time by using 
the period lAiiich is extended to be much longer than the 
blanking period used in conventional methods. This method 
can reduce the consumpdon power and is also advantageous 
5 as a countermeasure against EMI 

In addition, since a long processing time can be taken, the 
processing for locating a designated position can be done 
predsdy. Consequently, it is possible to improve die detec- 
tion accuracy of a designated position or to allow an operator 
to perform pen inputs more ea^y. 

(5di Embodiment) 

FIGS. 13 and 14 illustrate die fifth embodiment of die 
present invention. In this embodiment a gate drcuit extracts 
an input signal SI in a 3: 1 intcriacc maimer only during the 

^ high4evel period of a control signal S3. 

After signals 1, 4, 7, . . . , are extracted in this way, a 
thinned signal S2 is applied to a signal line driver and 
subjected to scrial^o-parallel conversion. Consequendy, a 

^ write operation in a pixel is performed in synchronism with 
a gate scan signal Gl sdected by a signal S4 delayed by one 
horizontal period from the signal S2. After being written in 
a pixel, the signal can be used for any purpose until the next 
signal is written. This embodiment handles power diat is 

^ statically consumed, such as a bias current of a gradation 
generator induded in the signal line driver e3q>lained in 
"'Description of the Rdated Art**. This power is consumed 
even when no signal write operation is performed. To reduce 
this current dieiefoie, a circuit for cutting off supplied 

^ power is provided and controlled in syndironism with a 
write signaL In this embodiment operational anqdifiers are 
demental circuits of the gradation generator, which output 
VI, V2, . . . , Vk. A switch SWl is provided between die 
power supply terminal of eadi operational an^>lificr and the 
power simply to control a static current II of the operational 
an9>lificr. By controlling ON/OFF of di ese switches SWl by 
using the control signal S4, the operational amplifiers f oanr 
ing the gradation vdtages VI to Vk are operated only while 
signal lines are driven (the hig^-levd period of S4). Widi 

^ this operation, as indicated by the waveform of the static 
current U, the static current (bias current) flows only while 
it is necessary and stops flowing when it is no longer 
required, thereby stopping the operation of the operational 
anq>lifiers. As a result, die static current can be reduced to 
1/C2N+1) as given by 

as well as the dynamic current In diis equation, Ij,^ is the 
static current of MF driving, and (2N-4-1) is die interlace 
ratio. 

^ In this embodiment, die switches for catting off the 
current are provided only on the power supply side. 
However, these switches can also be provided on the ground 
side or on both the power supply and ground sides. In 
addition, although the interlace ratio is 3:1 in diis 

55 embodiment, it is also possible to use an N: 1 interlace signal 
or an odd-numbered interlace signal such as a 2N+1:1 
signal. 

There is also the problem that if the power su^^ly is 
sinq^ly cut off, the output sigiuQ changes during the period 
^ in which no pixels are driven, and die consumption power 
inaeases ooctespondingly. The configuration illustrated in 
FIG. 15 solves this problem by providing a switch SW2 at 
each ou^uL 

^ (6th Embodiment) 

The sixth embodiment of the present invention is shown 
in FIGS. 16 A and ItiB. In this embodiment a bias current of 
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an output buffer used in a signal line driver which inoopo- e.g., 9-fait data if the number of scanning lines is 480) 

rates a D/A conveiter is tuned off during a period in vdiich inherent in each dcctiodc, or a combined signal of these 

images are not rewritten. Although a bias anient Is is factors. For example, in this embodiment a voltage with an 

nannaUy at most 20 to 30 jiA, a total of 40 to 60 mA in VGA anq>]itude by v/hidi no luminescence takes place is applied 

level, about 2,000 times as large, is necessary as the bias j to the individual electrodes by using pulses having different 

current since the bias current is required for all signallines. phases. This phase change is detected thn>u£^ a stray 

Consequently, the consun^on powa is 200 to 300 mW capacitance between the anode electrode and a pen by a 

even at 5V. As in the first embodiment, an operation in which dfi^cctor incoipOTated into the pen. Since these electrodes 

a 3:1 interlace signal Vi is imut wiU be desmbed below. To I^*^ of different phases, it is readily possible to detect 

reduce this bias current, the common approach is to provide lo ^f.^'l*'^"^ ^^i^lTl 5^ ^'^'f^^ ^^^f 

• f^, Z^^^^rs^ +k7™*i «„«<»^*„™ Detection in the address direction is done as follows. That is, 

a transistor TO for ptecharging the pand capacrfance, ^ ^ 

ftcieby djargmgthe^^ Select^wHes any of a^JgcTphase, and a 

^"^^'^^'^'^ wntten andhddfor teee honzon- ^^y^foim inherentin its address, or a lombiied signal of 

tel sam periods (three H periods). However, since normaUy t^ese factors, mis signal, of course, has alevel at wMdi no 

Ae period for diaigmg Vi m the capaatancc need only be 15 luminescence occurs (Lc., the display is not influenced), 

one H period, the power is wasted in the last two Hperiods. xhis pulse is also similarly detected by a detecting circuit 

In this embodiment, therefore, Vsc which detennines the incorporated into the pen. Consequently, the pen input 

bias current is lowered during these two H periods to cut the position can be located with a high accuracy. To distinguish 

tnas current In addition, the transistor Trl for precfaarge is between the address direction and the cathode direction, 

turned on to simultaneously stabilize the ou^ voltage and 20 some features, sudi as an^litadc pulse widths, must be 

perform precfaarge for a signal to be written next Almost no added to the signals applied to the anodes and the cathodes, 

additional circuit is required to perform this operation, so ^ this embodiment, the pen detection signal can be applied 

ncariy no increase results in the cost and the chip area. Also, i^ i period equal to or longer than the period during which 

in this embodiment the static consumption power can t>e display signal is driven. Consequentiy, the frequency of 

reduced to 1/(2N+1), as in the above fifth embodiment 25 the detection signal is lowered, and fliis facilitates detection 

Furthermore, in conventional systems the power OFF period the phase or the frequcincy change. In addition, since the 

(e.g., the vertical blanking period) is very short in compari- <ii^y and pen inputs can be performed in a serial manner, 

son witii a period in whidi image signals are driven. In die control processing and tiie detection signal processing 

prescntinvention,howcvcr, toenhancctfiepowcrconsum,> I^^J?" 'T^*^ without adding no 

Sjnredudngeffectthisperiodcanbeincr^dtobeeq^ 30 fP^^^^^J^^^ 

to or long^tiian the image driving Uonsignal is mciea^c^^ 

w VI mugw ujou ulc liuajjc uiiyiug uuw. dctcctcd durmg ouc field period, ance the detection period 

(7th Embodiment) is longer than tiiat in methods in whidi detection is done in 

TTTi^o to u 4U ^ J- the bianfcing period. This increases the pen input detection 

FIGS. 17, 18, and ^ show the seventh embodiment of the -^le diSoa rate is nctmally said to be 100 timcs/scc, 

present mvaitoonm^Jich&cpr«en 33 and the detection must be done at a rate highcx than the field 

to a plasma display (PDF). FIG. 17 shows the structure <rf a frequency. The method of the present invention can eflfec^ 

DC type PDF. In na 17, anode and cathode electrodes arc tuate this. In this method detection is inqwssible for one line 

rcqwctively arranged paraUel to each other on upper and out of every throe lines. However, when a pen moves at a 

lower glass snbsttatcs, and a plasma gas is sealed between hi^ speed its motion is usually smooth, so the motion can 

the substrates. The principle of luminescence is that dis- 40 be interpolated with per^eral pixels. Even if this is not 

charge occurs when a vdtage is appUcd between the anode ~ possible, the Une of interest alone can be interpolated after 

and the cathode, and this discharge strikes a phosf^or to being detected during blanldng. In addition, by increasing 

emit light In FIO. 18, a display signal is interlaced at a ratio the interiace scan ratio only during the pen input period, the 

of 3:1 and read out at a triple rate, thereby compressing the number of lines to be interpolated can be decreased. This 

period during which the display signal drives a panel to Vtu 45 also facilitates the detection processing. 

During a period in which no display driving is performed, in tfus embodiment, the present invention is discussed by 

respective specific signals arc ^lied to the cathode and taking a DC type H>P as an ciample. However, die present 

Mode electrodes, permitting detection of a pen input posi- invention is also applicable to another display device, such 

as an AC type PDF, insofar as the device has a memory 

The display signal is basically an 8-bit signal. This 8-bit 50 property, 

signal is separated into individual bits by an interface circuit fEirfith Embodim ti 

and applied as the display signal in a bit serial niianner to the (tiignm tsmDOomient) 

panel. During the period in which the display signal is ^ ^ case where an MF drive is carried out, it is not 

driven, a scan pulse is applied to the cathode electrodes. In necessary to output a gradation signal during a non-selection 

syncfaionism with diis scan poise, the anode etectrodes^ly 55 period. Accordingly, it is not required to transmit a power to 

the display signal and a sustain pulse for sustaining huni- ^ OF an[q>lifier IC for gradation signal during die period, 

nescence. (That is, a memory prxiperty is attained.) As a therefore a DC/DC converter shown in FIG. 20 may not 

result, the display signal is written in each pixel and this ^ operated. In specific, the DC/DC. converter is not pper- 

state is held during a period in which the sustain pulse is an input to tiie inductance Lin tiie DC/DC converter 

^Hed. This sustain pulse application period difien firom 60 ^ controlled, or the control mode of its switch is changed to 

one Irit to anodier. Upon being subjected to pulse-width a variable mode type, during the non-selection period, 

modulation, the period is visually sensed as its average FIG. 21 is a basic circuit diagram of a DC/DC converter: 

luminance. On the other hand, during the period in which no The actual operation of the above-described mode is carried 

display signal is driven no voltage need be applied to the out t)a$ical]y in the following two manners, 

cathode electrodes. This p^od is used to detect pen inputs. 65 (1) In the case where the ii^nit to the inductance L is 

That is, the cathode electrodes are applied with any of a controlled, a switch (called SWl hereinafter) shown in FKj. 

voltage, a phase, and a waveform (a serial address signal: 22 is operated. 
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(2) A switch (S W2) designed to transmit the energy stored 
in the inductance L to a capadtor C and a load, is operated. 

In the manner (1), a signal (OESW) fcr controlling SWl 
is fanned based on a signal (OEF) for conttoUing an oa/aS 
(^)cration of a scanning line. In specific, with the structure in 5 
whic^ a signal line voltage is ouQ>ut during the following 
scanning period after signals for one line are stored in a 
signal line driver, OESW has a signal waveform which is 
shifted by one horizontal period firom that of OEF. 

In this case, SWl is controlled to apply a voltage to the 
inductance L. For sudi a control, there are two possible 
structures, namely one in which a completely high in^d- 
ance state is created, and another in which a switching 
operation is carried out between different voltage (to set the 
voltage of non-selection period lower than that of selection ^ ^ 
period). 

In the manner (2), there are two possible control modes of 
SW2: mode (a) in which a duty ratio is changed when the 
switch is turned on/off, and mode (b) In which the output 
voltage is controlled hy turning ou/oS the switch itself while 
maintaining the duty ratio at constant (sec FIG. 23). ^ 

More specifically, a smoothed output voltage is set at a 
predetermined voltage level during die sclecdon period, and 
at a voltage level for die low-consumption power state 
during the non-selection period. The voltage level can be 
adjusted ^xprppriately since the number of the on/off operar ^ 
tions during the selection period differs from that of the 
non-selection period. 

Hie on/o£F time periods of the switch are appr<^3riately set 
in consideration of (he rise time of the DC/DC converter. ^ 

In connection widi the above-described modes, in order to 
stabilize the output voltage to a load, and prevent an increase 
in c<xisumption power caused by a charge/discharge with 
part of the charge of the capacitance in the load circuit, 
switches or elements corresponding tfaer^ are provided for ^ 
the output side of the DC/DC converter. More specifically^ 
as shown in FIG. 24, sudi control is carried out by diodes or 
noD-tinear resistances or switch dements, and a c^acitance. 
^th regard to the switch elements, SW3 and SW4 are 
turned on/off at the same time, or during the non-selection ^ 
period, SW4 is turned off first, then SW3 is tumed off, or 
during the selection period, SW3 is tumed on first, and SW4 
is tumed on. 

Alteraativdy, two DC/DC converters different in driving 
mode may be provided. In this case, a DC/DC converter for ^ 
normal drive (driven at 60 Hz) and another DC7DC con- 
verter for MF drive are prepared, and one of the converters 
is selected in accordance with the selected driving mode (see 
FIG. 25). With this structure, the most appropriate DC/DC 
converter designed to have an efficiency for low-power 
consumption drive can be selected, and therefore the low- 
consumption powa can be effectively achieved. 

In addition, with this embodiment, the consum|>tion 
power at the oscillation dicult, which is consumed as the 
offset amount of the DC/DC converter, can be reduced. 55 

In addition, the present invention is not limited to the 
above embodiments but can be practiced in the form of 
various modifications without departing from the spirit and 
scope of the invention. 

Addidonal advantages and modifications will readily 60 
occur to those sldlled in the art Thmfore, the invention ia 
its broader aspects is not limited to the specific details, and 
representative devices shown and descrit>ed herein. 
Accordingly, various modifications may be made widiout 
departing from the spirit or scope of the general inventive 6S 
conoq>t as defined by the appended claims and their equiva- 
lents. 
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What is claimed is: 

1. A display device having a pixel selection switdung, 
element, con^sing: 

interlace processing means for performing n (n is an 
integer of not less than 2): m (m is an arbitrary number 
of not more than n) interlace processing for a one-frame 
image signal to form an interlaced image signal; 

image display means for displaying an image by driving 
said pixel selection switciiing element in accordance 
widi the interlaced iamgc signal; 

n<Hi-pictnre period processing means for disconnecting 
said interlace processing means fi:om said image dis- 
play means and performing processing other than dis- 
play for said image display means during a non-picture 
poiod after an image signal corre^onding to a plural- 
ity of pixels is displayed and before an image signal 
corresponding to a next pixel is displayed; and 

wherein the processing performed for said image display 
means in the non-picture period is processing in which 
a correction signal is applied to each pixel to inqirove 
image quality. 

2. A display device having a pixel selection switching 
element, con^sing: 

interiace processing means for perfonning n (n is an 
integ^ of not less than 2): m (m is an arbitrary number 
of not more than n) interlace processing for a one-frame 
image signal to form an intedaced image signal; 

image display means for displaying an image by driving 
said pixel selection switching elonent in acccsdance 
with tiie interlaced image signal: 

non-picture period processing means for discoimecting 
said interiace processing means from said image dis- 
play means and performing processing ottier than dis- 
play for said image display means during a non-picture 
period after an image signal corresponding to a plural- 
ity of pixels is displayed and before an image signal 
corresponding to a next pixel is displayed; and 

wherein the processing performed for said image display 
means in the non-picture period is pen input processing 
for detecting a position on a liquid crystal panel des- 
ignated by an operator with an ii^ut pen. 

3. A display device having a pixel selection switdiing 
dement, conqirising: 

interiace processing means for pericHming n (n is an 
integer of not less than 2): m (m is an arbitrary number 
of not more than n) interlace processing for a one-frame 
image signal to form an interlaced image signal; 

image display means for displaying an image by driving 
said pixel selection switching element in accordance 
widi the interlaced image signal; 

non-picture period processing means for disconnecting 
said interlace processing means from said image dis- 
play means and pexforming processing other than dis- 
play for said image display means during a non-picture 
poiod after an image signal corre^nding to a plural- 
ity of pixels is di^layed and before an image signal 
corresponding to a next pixel is displayed; and 

\^crein the processing performed for said image display 
means in the non-picture period is performed by power 
control means for disconnecting a power supply for 
supplying power to said image di^lay means from 
some or all of circuits in said image display means 
while said pixel selection switching element is kept 
OFF. 

4. A device according to claim 3, wherein an ou^t from 
said image display means is set to have a high lix^)edance 
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dudng a period in whidi said power control drcmt discon- 
nects said power source from said image display means. 

5. A device according to daim 3, wherein said circuit in 
said image display means, which is disconnected from said 
power supply is a gradation generating circuit included in a 
rignal line driving circuit 

6. A device according to daim 3, wherein said circuit in 
said image display means, whidi is disconnected from said 
power source is a bias current circuit of a signal line driver 

7. A display device having pixd selection switching 
dements in a one-to-one correspondrace witii pixels, com- 
prising: 

interlace processing means for performing n (n is an odd 
number of not less than 3): m (m is an aifoitiary number 
of not more than n) interlace processing for a one-frame 
image signal to fbrm an interlaced image signal; 

image display means for displaying an image by driving 
said pixd sdection switching elements in accordance 
with the intedaced image signal; 

non-picture period processing means for disconnecting 
said interlace processing means from said image dis- 
play means and performing processing other than dis- 
play for said image display means during a non-plctuie 
peadod after an image signal cofiesponding to one 
scanning line is displayed and before an image signal 
cGrrespaiuling to a next scanning line is displayed; and 

iK^erein the processing performed in Ihe non-picture 
period is processing in vMch a collection s^nal is 
applied to eadi pixel to in^sove image quality. 

8. A display device having pixd sdection switching 
dements in a one-to-one correspondence with pixels, comr 
prising: 

interiace processing means for performing n (n is an odd 
number of not less lhan 3): m (mis an aibitraiy number 
of not more than n) interlace processing for a one-frame 
imag p. signal to form an intedaced image jgignal; 

image display means for displaying an image fay driving 
said pixd sdection switching dements in accordance 
with the interlaced image signal; 

noD-picture period processing means for discoimecting 
said interiace processing means from said image dis- 
play means and peif cnning processing other than dis- 
play for said image display means during a non-picture 
period after an linage dgnal corresponding to one 
scanning line is displayed and before an image signal 
ccnesponding to a next scanning Hne is displayed; and 

wherein the processing performed in the non-picture 
period is pen input processing for detecting a position 
on a liquid crystal pand designated by an operator witii 
an input pen. 

9. A display device having pixd sdection switching 
dements in a one-to-one correspondence with pixels, comr 
prising: 

intedace processing means for pctf otroing n (n is an odd 
number ci not less than 3): m (m is an aibitraiy number 
of not mere than n) intnrlarr processing for a one-frame 
image signal to form an intedaced image signd; 
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image display means for displaying an image by driving 
said pdxd sdection switdiing dements in accordance 
with the intedaced image signd; 

non-picture period processing means for disconnecting 
^ said interiace processing means from said image dis- 
play means and performing processing other than dis- 
play for said image display means during a non-picture 
period after an image signd oorcesponding to one 
scanning Hne is displayed and before an image signd 
corresponding to a next scanning line is displayed; and 

wherdn said display device is a liquid crystal display 
device in which liquid crystal elements providing pix- 
els are arranged in a matrix manner, said liquid cry std 
display device compiising: 

a plurality of signd lines for supplying an image signd 
to said dements providing pixds via said pixd 
selection switching elements; 
a plurality of gate lines for controlling conduction of said 
20 switching dements; and 

a conunon dectrode opposing said elements providing 
pixds and applied with a common voltage. 

10. A device according to claim 9, wherdn the processing 
performed in the n<m-picnire period is processing for apply- 

25 ing a negative signd to a pixd portion in order to make 
holding characteristics of positive and negative polarities 
equd to eadi other. 

11. A device according to daim 9, v^erein die processing 
performed in the iK)n-|ncture period is processing in which 

30 a voltage equivdent to the common voltage applied to said 
common electrode is qypUed to the signd lines. 

12. A device according to daim 9, wherein the processing 
performed in die non-picture period is processing for detect- 
ing a change in a capacitance of a liquid crystd caused \^en 

33 an operator pezforms a pen input 

13. A display device having pixd selection switching 
elements in a one-to-one cocrespondence with pixds, comr 
prising: 

intedace processing means for pecfcrming n (n is an odd 
^ number of not less than 3): m (mis an aitutrary number 
of not more than n) interlace processing for a one-frame 
image signd to form an intedaced image signd; 
image display means for displaying an image by driving 
sdd pixd selection switching dement in accordance 
with the intedaced image signd; 
non-picture period processing means for discoimecting 
sdd interiace processing means from said image dis- 
play means and performing processhig odier than dls- 
^ play for said image di^lay means during a non-picture 
period after an im^e signd corresponding to one 
scanning line is displayed and before an image signd 
corresponding to a next scanning Hne is played; and 
wherdn said display means uses a multiildd driving 
33 method in which a driving frequency is lowered by 
dividing one frdd image into an odd number of subfidd 
images. 

* ♦ * * ♦ 
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